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(g) Preparation of perfluorooligoeUier iodides, 

OH A pernuoroolisoether iodide of formula (II) is prepared by exposing a perfluorooligoether carboxylic 
Iodide of formula (0 to UV MgtiL 
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This invention relates to new methods for preparing parfluorooligoether iodides, which are useful inter- 
mediates fare* synthesis of fluoro resins. flUoro rubbers, andfluoro surfactants. 

BACKGROUND 

in the past, methods for preparing perfluoroalkyl iodides by telomerizabon of tetrefluoroethylene with Mf. 
lucromelhrf iodide, or by derivation from alcohols, have been used In commercial practice 

^we4r nroornmercially acceptable methods have been developed for the preparaton of pertuoroolh 
goether iodides of the following general formula ( II ): 

Rf O-fCFCF 2 O^CFI n) 

wherein Rf is a perfluoroalkyl group having 1 to 10 carbon atoms end letter n Is an integer of frorn , 0 to 100. 
whSh mm Useful tatormediates ; for the syntheaia of fluoro resins, fluoro rubbers, and fluoro surfactants. 

in fte X art pertluorooltgoather Iodides have been made (as shown by the following reacbon scheme) 
tJt^gSfpeXerc^^^ 

oath* ^boxyllc silver nit and aubjecting the salt to pyrolysls in the piesence of «da» to thereby form a 
perfluoroollgoether Iodide of formula (II). See JP-A-30441/ig88. 



25 



SO 



35 



40 



45 



SO 



6$ 



2 



PAGE 10162 ' RCVD AT 613012006 11:21:46 AM (Eastern Daylight Time] * SVR:USPT0£FXRF-6I25 * DNIS:2738300 ' CSID:3029924773 • DURATION (mm-ss):13-10 



JUN. 30. 2006 1 1:21AM 



3029924773 OUPONT PAT REC CTR 

BP 0 472 423 A2 



NO. 7601 P. 11 



Rf O (.CFCF 3 0}s— CFCF 
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Hydrolysis 



0 

R,0 — tCFCFiO^i— CFCOH 
CP, CP, 



Ago 



o 

II 

Rt0 — fCFCF»Oti— CPCOAg 
' CF 3 



CP, 



1,2 
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Bi0 £ CFCFzO^— CFI 



c n ) 



CF 3 



CF, 
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However, several probleme must be solved before this process can be comrperriaBy praobsed. The end 
product, perfluorooligoether iodide. Is recovered only in yields of about 70 to 85%. The ■rrtarmed.ate or silver 
salt is Often a solid which Is difficult to handle. The use of expensive silver ^."^Sl 
commercial standpoint. The ovsrafl process involves three steps, dunng which toxic hydrogen fluoride evolve* 
Pyrolysis reaction must be carried outbefore the end product car. be obtained. Also, economical problems anae 
from the use of expensive reactants and increased installation cost 

There Is a need for the commercially advantageous manufacture of perfluorooligoether ndldes while over- 

■"225: — » - 

M !■» ««»o«i« h*»» «■»■»«• no*" b«««.n ■ petfucxooligtetMr cartmcyllc Suond. «f fenrnite (111). 



r,0 eCPCF.Ois— CFCF 

CP, CPl 



... ( M ) 
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wherein Rf and n as defined above and a motel iodide of the general formula ( IV ): 

Ml a (IV) 

wherein M fe a metal atom and letter ate the valence of the metal atom, there ia obtained a novel perfluorool,- 
goether earbaxylic Iodide of the general formula (I): 

O 

Rl0 £ CFCF 2 Ofcr- CFCI * 

. CF, CF ' 

wherein Rf and n are aa defined above. We have also found that by exposing a perflaoroollgoether«^ylle 
iodide of formula (I) to ultraviolet light, carbon monoxide removal readily takes place to produce an end product, 
perfluorooligoether iodide of formula ( II ): 

Kt O— tCFCF a O}T-CFI ....(E) 
CF, CF, 

whereto Rf and n are as defined above, and that it may be obtained In high yields. 

More particularly, since the reaction between the compounds of formulae ( III ) and ( IV > may proceed in 
a simple manner even at atmospheric pressure and room temperature without terming a byproduct, anwel 
perfiuoroollgcether carooxyllc iodide of formula (I) Is obtainable in high yields. Th.s novel perfluorooligoether 
carboxylic iodide releases carbon monoxide upon exposure to ultraviolet light at almoaphenc pressure ana 
room temperature, and may convert to end product, perfluorooligoether iodide of formula ( II), at a cmrmton 
rate of 95% or higher withoutformlng a by-product The step of ultraviolet exposure may mvclve only Irradiation 
with ultraviolet light; no other special operation is needed. The reaction system may thus be raised to any des- 
ired scale In theory Insofar as a tank for receiving the reaction aolutlon is installed in the system. 

As compared wHh the prtorartprocess, perfhiorooligoetherbdide preparing methods embodying the inven- 
tion offer possible advantages. 

(1) Very high yield. 

(2) No use of expensive silver oxide. 

(3) A simplified process. 

35 (4) No evolution of toxic hydrogen fluoride during the process. 

(5) Low reaction temperature. 

(6) The intermediate or perfluorooligoether carboxylic iodide of formula (I) Is liquid at room temperature and 
can be isolated by distillation if it has a low molecular weight. 

Therefore, the present method allows a perfluorooligoether iodide to be prepared with many commaraal 

* ^Sfirst specific aspect, the Invention provides a method for preparing a pertluorooligoether Iodide of the 
general formula (II): 

R t O eCFCF,Otp— CFI ^ ^ 
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wherein Rf is a perfluoroalkyl group having 1 to 10 carbon atoms, and n is an integer of from 0 to 100, said 
method comprising the stap of exposing to ultraviolet lighta perfluorooligoether carboxylic Iodide of the general 
formula (I): 



RcO eCFCFjO^— CFCI ( 1 ) 

CF, CF, 
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wherein Rf and n are as defined above. r . rtHIf1a nf 

in a second aspect, the invention provides an overall process for pcepanng a p f^^^^^ 
formula (II). comprising preparing a peifluorooligoethar carboxylic iodide of foimula (f) and then treabng the 
iodide with UV radiation to convert it to Hie iodide of formula (II). g, , maenn 

5 m a third aspect, the Invention provides use of a perfluorocllgoether carboxylic iodide of formula (I) as an 
intermediate in tha preparation of a compound of formula (II), to give an Improved yield. 

BRIEF DESCRIPTION OF THE DRAWINGS 

io FIG. 1 1s a chartshowlng the IRspectrumof a perfluorocllgoether carboxylic Iodide obtained in an Example. 
FIG. 2 is a chart showing the IRepectrum of a perfluoroollgoether Iodide obtained in an Example. 
The present invention is Intended to prepare a perfluoroollgoether Iodide of formula (II ) by exposing | a 
perfluorooliQoothercarboxylic iodide cffomiula 0) to ultraviolet light Restarting raao^ 
goether carboxylic iodide of formula (I) is obtained by effecting halogen exchange reaction between a 
15 perfluorooligoether carboxylic fluoride and a metal iodide. 

The perfluoroollgoether carboxylic fluorides are compounds of the general formula [ in ): 

O 

a> j^O — ^CFCFiO^— CF^F . . . . ( IE ) 

CF, 

25 In formula ( III ), Rf is a perfiuoroalkyl group having 1 to 10 carbon atoms, for example, trffluoroTOthyl, pen- 
tafluoroethyl, heptafluorapropyl. and heplafluoroisopropyl groups. Letter n ia an Integer of from 0 to 100, pref- 
erably from 0 to 30. The perfluorooligoether carboxylic fluorides of formuta ( III ) may be prepared by any 
conventional well-known methods, e.g. as disclosed In US-A-3,250,A0a and US-A-3, 322.826. 

With the peifluoiooligoether carboxylic fluorides of formula { III ) are reacted metal iodides of the general 

so formula ( IV ): 

Ml fl (IV) 

wherein M Is a metal atom and letter a id the valence of the metal atom. Suitable iodides include alkali metal 
iodides such as Lil and Mel, alkaline earth metal Iodides such as Mgl* and Cal 2 , and other metal iodides such 
as All* The metal lod lo> fs preferably used In such amounts that the molar amount of iodine In the metal iodide 
is 1 to 1 2 times the mole* of the perfluorooligoether carboxylic fluoride of formula ( III ). For example, the alkali 
metal Iodide Is 1 to 1.2 mol and the alkaline earth metal iodide Is 0.5 to 0.8 mol per mol of the formula ( III ) 

^Theae reactants are reacted, for example, by adding a polar solvent to the perfluorooligoether carboxytfc 
fluoride of formula ( III ) and with stirring, adding thereto the metal iodide in increments. The preferred polar 
advents used herein are aprotfc solvents such as diethyl ether, diisopropyl ether, dibutyl ether, and acatoniMe. 
The solvents are preferably used In amounts of about 2 to 10% by weight of the alkali metal iodide or about 4 
to 20% by weight of the alkaline earth metal iodide. The reaction temperature generally ranges from 0 a C to 
100*0 preferably 20°C to S0°C and the reaction time generally ranges from about 2 to about 50 hours, pref- 
erably from about 5 to about 10 hours. Since both the reactants and the product are prone to hydrolysis, ftte 
recommended to purge the reactor thoroughly with an inert gas such as nitrogen and argon. At the ond of reac- 
tion, the metal fluoride Is removed by filtration and then, the perfluorooligoether carboxylic iodide of formula 

(I): 



35 



40 



46 



50 



0 

R,0 i dFCF.O^— CFCI I x ' 

CF, CF 3 

wherein Rf and n are as defined above can be recovered from the reaction solution In high yields by distillation 
Isolation or by dlstHling off the solvent 

The resultant perfluorooligoether carboxylic Iodide of formula (I) can be readily converted into an end pro- 
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duct, psrfluoroollgoether iodide offormula ( II ) in high yields aimply by exposing the former to UV light, causing 
It to release carbon monoxide. .„ii.»«, ai b 
For UV exposure, a UV Irradiation apparatus having a high pressure mercury lamp with a cooling quanz 
tecket may be used. Reaction is conducted by exposing the charge In the photometer to UV at a v«va engBl 
of 180 to 380 nm preferably 200 to 300 nm at a temperature of 0 to 60°c, preferably room temperature for 
about2 to about 30 houra. There is nft need tor solventalthoughthecharge may be diluted w.^ a stable organjc 
solvent If desired. Such solvents are perfluorooctane. perfluoroisononane and the like. Also preferably, this 
reaction is effected in an Inert gas atmosphere such as nitrogen and argon. . 

With respect to the photo-reaction of perfluoroalkyl carboxylic halides. reference is made to Heagy, J. 
Org. Chm., 30, 2182(1986), reporting the synthesis of RfBrin high yields by UV exposure* perfluorocarboxylc 
bromide RfCOBr. 

° The perfluoroollgoether Iodides of formula ( II ): 

R.O-fCPCF.O^CFl ....(II) 
CP, cr s 

which are obtained In this way are useful Intermediates e.g. for aynthesia of fluoro resins, fluoro mbbers and 

20 fluoro surfactants, _ „ ^„,.. u „ 

There has been described a oommerefelly advantageous method for preparing perfluoroollgoether .odldes 
of formula ( II ) in high yields which are useful intermediates for e.g- synthesis of fluoro resins, fluoro rubbers 
and fluoro surfactants. 

25 EXAMPLE 

Examples of the present invention are given below by way of illustration and not by way of limitation. 
Example 

A 1/2 - llterfour-necked flask equipped with a mechanical stirrer, reflux condenser, and gas (nlettube was 
charged with 400 gram3 (0,80 mol) of a peifluorooligoether carboxylic fluoride of the formula: 

m n-C 3 F,OCFCF 2 OCFC0F 

and a grama actonlbile. While stirring the contents. 119 grams (0.88 mol) of lithium iodide was added to the 
40 flask fa several portions In an argon stream. The lithium iodide was added at a controlled rate such thatthe 
temperature of the contents did not exceed 40*C. At the end of addition, the contents were stirred for a further 

15 ^tecontents were passed through a glass filter to remove the solids. Distillation of thB filtrate yielded 421 
grams of a fraction having a boiling point of 87 - 90<>C /SO mmHg. The yield was 87%. 
45 The product was analyzed by elemental analysis, GC-MS, 1R spectroscopy, and "F-NMR. The results are 
shown below- 

Elemental analysis 

so r F I 9 



55 



CalCd., % 17.82 53.30 20.96 7.92 
Pound, % 17.79 53.37 20.91 7.93 



6 
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GC-MS 

m/e (W) molecular weight 606 



$ ir spectroscopy 

FIG 1 1s a chart showing the IR spectrum of the product It re observed that the absorption peak at 1890 
cm- 1 attributable to -CO-F disappeared and a new peak developed at 1785 cm-i attributable to -CO-l. 



10 12F-NMR 



6 (ppm): 66.5 (m, IF, CF) 
« 52.8 (itl, 2F, CPj) 



20 



41.0 (m, IF, CF-COI) 
-1.5 - 7.1 (m, 13F, 

- CF_2f CF 2 0- ) 



With these measurement results, the product was identified to be a perfluorooligoether carboxylio iodide 
2s of the following formula. 



CF^CFjCFjOCFCF^CFCOX 
30 CF, CF, 

Next, a UV liradiation apparatus was equipped with a high pressure mercury lamp with a cooling quartz 
Jacket The apparatus was charged wUh 200 grams (0.33 mol) of the perfiuorooligoethercarboxylic iodide, wn.ch 
35 was exposed to UV light while stirring with a magnetic stirrer. The lamp was operated at a power of 1 00 W and 
a wavelength of 220 to 380 im Reaction was oontlnued tor 16 hours at 35 to 40»C in an argon stream. At toe 
end of reaction, the reaction product was distilled, obtaining 181 grams of a fraction having a boiling point of 
78.5'C /1 01 mmHg. The yield was 95%. 

The product was analyzed by elemental analysis, GC-MS, IR spectroscopy, and "F-NMR. The results ere 

40 shown below. 

Elemental analyse 



so 



Calcd., % 16.61 55.88 21.79 5.54 
Found, % 16.57 55.91 21.92 5.60 



GC-MS 

m/e (W) molecular weight 578 
65 IR spectroscopy 

FIG. 2 Is a chart showing the IR spectrum of the product It is observed that the absorption peak at 1785 
car 1 attributable to -CO-I disappeared. 
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HF-NMR 

6 (ppm): 69.9 (m, IF, CF) 
« 59.8 (m, 2F, CFi) 

3.7 - 15.8 (m, 13F, 
- CF,, - CFzO - ) 

10 

-0.3 (m, IF, - CFI) 
With these measurement results, the product was identified to be a compound of Bib following 

» 

CFjCFiCFzOCFCP,OCF ~ I 
CF 5 CFi 



Claims 

2$ 

1. A method far preparing a perfluorodigoether Iodide of the general formula ( II ): 
Kt O^CF C F,0*-CFX _ (2) 

wherein Rf Is a perfluoroalkyl group having 1 to 10 carbon atoms, and n Is an integer from 0 -tor 100. said 
method oomprisino, the step of exposing to ultraviolet light a perfluorooligoether carbaxyUc iodide of Ine 
35 general formula (I): 



Rf0 tCFCFiOfcr- CFCI • • • ■ C 1 ) 

CF 3 CF 3 



wherein Rf and n are ad defined above. 
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